To avoid ‰uctuation of the serum lithium concentration (C Li ), sodium chloride (NaCl) intake was regulated in oral alimentation. A 62-year-old woman was hospitalized and orally administered 400 mg of lithium carbonate a day to treat her mania. Her C Li was found to be 0.75 0.81 mEq/L. Vomiting made it di‹cult for the patient to ingest meals orally, and therefore parenteral nutrition with additional oral intake of protein-fortiˆed food was initiated. On day 22, parenteral nutrition was switched to oral alimentation to enable oral intake of food. The total NaCl equivalent amount was decreased to 1.2 g/d, and the C Li increased to 1.15 mEq/L on day 26. Oral alimentation with semi-solid food blended in a mixer was immediately initiated. Although the total NaCl equivalent amount was increased to 4.5 5.0 g/d, her C Li remained high at 1.14 1.17 mEq/L on days 33 and 49, respectively. We investigated oral administration of NaCl (1.8 g/d) on day 52. The total NaCl equivalent amount was increased to 6.3 6.8 g/d, and the C Li decreased to 1.08 0.97 mEq/L on days 63 and 104, respectively. After the start of the orally administered NaCl, her diet was changed to a completely blended diet on day 125. The total NaCl equivalent amount was increased to 9.0 14.5 g/d, and the C Li decreased to 0.53 mEq/L on day 152; therefore, the oral administration of NaCl was discontinued on day 166. The C Li was found to be 0.70 0.85 mEq/L on days 176 and 220.
INTRODUCTION
Lithium carbonate is a drug widely used for treating mania. The serum lithium concentration must be monitored during administration of this drug in order to prevent poisoning or overdose. It is administered carefully only to those patients are at risk of retaining lithium in the body, and it is contraindicated for patients who are likely to retain lithium in the body, such as those with sodium chloride restrictions. 1) We report the case of a hospitalized patient who was under nutritional management focused on parenteral nutrition and was switched to oral alimentation in order to enable oral ingestion of meals. This led to changes in the serum lithium concentration owing to changes in the total amount of sodium chloride. We observed that modifying the patient's sodium intake allowed stabilization of the serum lithium concentration.
CASE
A 62-year-old woman was hospitalized and orally administered 400 mg lithium carbonate a day to treat her mania (only underlying disease) during this study period. Her serum lithium concentration was found to be 0.75 0.81 mEq/L. Vomiting made it di‹cult for the patient to orally ingest her meals, and therefore nutritional management (total sodium chloride equivalent amount: 3.3 4.1 g/d; amount of energy administered: 910 1610 kcal/d) focused on parenteral nutrition (Fulcaliq 1 infusion: 903 mL/d) with additional oral intake of protein-fortiˆed food (EPUrich: 1 3 packs) was initiated. Her serum sodium concentration was maintained with the normal range of 139 141 mEq/L (Fig. 1) .
On day 22, we attempted to switch her from parenteral nutrition to oral alimentation in order to enable oral intake of food. Discontinuing parenteral nutri- tion led to a decrease in the total sodium chloride equivalent amount by approximately 3.0 g/d compared to baseline, and the patient's sodium intake decreased to 1.2 g/d (only through oral intake of protein-fortiˆed food) in terms of the total sodium chloride equivalent amount. Since the decrease in sodium chloride intake led to elevated serum lithium concentration, we measured her serum lithium concentration on day 4 after discontinuation of parenteral nutrition. On day 26, we noted that the serum lithium concentration had increased to 1.15 mEq/L. No adverse events appeared, and her serum sodium concentration was 138 mEq/L. On day 27, oral alimentation with semi-solid food blended in a mixer was immediately initiated. Although we were able to ensure that the total sodium chloride equivalent amount (4.5 5.0 g/d) was more than that administered while she was on parenteral nutrition, her serum lithium concentration remained high at 1.14 and 1.17 mEq/L on days 33 and 49 (6 and 22 d after the semi-solid blended diet), respectively. Her serum sodium concentration was 138 139 mEq/L. On day 52, we attempted to reduce the lithium carbonate dosage in order to decrease the serum lithium concentration; however, taking into consideration the reported case of lithium poisoning that was treated by drip saline, 2) we investigated administration of sodium chloride. The target amount of sodium intake in the present case was less than 7.0 g/d in terms of the total sodium chloride equivalent amount, but treatment by oral administration of sodium chloride (1.8 g/d, three capsules) was attempted because the semisolid blended diet failed to provide adequate sodium and the patient had to ingest the diet orally. The total sodium chloride equivalent amount was increased to 6.3 6.8 g/d with orally administered sodium chloride, and the serum lithium concentration decreased to 1.08 and 0.97 mEq/L on days 63 and 104 (36 and 77 d after the semi-solid blended diet, 11 and 52 d after the orally sodium chloride), respectively.
On day 125 (73 d after the orally sodium chloride), her diet was changed from a semi-solid blended diet to a completely blended diet. The total sodium chloride equivalent amount was increased to 9.0 14.5 g/d, and the serum sodium concentration increased to 147 mEq/L on day 152 (27 d after the completely blended diet, 100 d after the orally sodium chloride), while the serum lithium concentration decreased to 0.53 mEq/L; therefore, oral administration of sodium chloride was discontinued. The serum lithium concentration increased to 0.70 and 0.85 mEq/L on days 176 and 220 (51 and 95 d after the completely blended diet, 10 and 54 d after the discontinuation of orally sodium chloride), respectively. The patient's clinical laboratory values during the reporting period in some instances did not temporarily conform to the set benchmarks in terms of the electrolytes, but were within the range (serum potassium concentration: 4.0 4.6 mEq/L; serum chloride concentration: 104 111 mEq/L; serum sodium concentration: 138 147 mEq/L). The renal function showed a mild to moderate decrease (serum creatinine levels: 0.73 0.82 mg/dL; estimated glomerularˆltration rate: 54.5 61.9 mL/min/1.73 m 2 and 37.2 42.2 mL/ min without correction for body surface area; estimated creatinine clearance: 43.8 49.2 mL/dL calculated by Cockcroft-Gault (CG) formula and 59.8 mL/ min calculated by GC formula using corrected serum creatinine (0.6 mg/dL); blood urea nitrogen levels: 12.9 19.3 mg/dL). The patient's body weight was approximately 39.5 kg and her body-mass index (BMI) was 22.5 during this study period of 6 months.
The patient has regular consultations with her doctor. A symptom of mania also remained stable during this study period. The Young Mania Rating Scale (YMRS) is a diagnostic questionnaire commonly used to evaluate manic symptoms in patients with mania. Three of the eleven individual YMRS items were observed: appearance, irritability, and sleep. The exacerbation of symptoms was not observed.
DISCUSSION
Lithium carbonate is one of the drugs of interest in clinical settings for the treatment of decreased renal function. The dosage of lithium carbonate in the present case was 400 mg/d, which was below the 600 mg/d dosage that is considered safe for patients with renal failure and decreased kidney lithium excretion function; however, the upper limit for serum lithium concentration was set at 0.8 mEq/L to prevent lithium poisoning caused by an increase in the amount stored in the body. 3) In light of the patient's estimated creatinine clearance and estimated glomerularˆltra-tion rate, ‰uctuations in lithium clearance owing to mild to moderate decreased renal function may have been one of the causes for the change in the patient's serum lithium concentration.
Another possible cause for changes in serum lithium concentration includes dehydration. However, her passage of urine (mean, 4.4 times/d) and stool (mean, 0.7 times/d) was common, and there was no onset of diarrhea. Her body weight remained stable, and she showed no sign of sweating. Theseˆndings and observations suggest that the changes in serum lithium concentration were not caused by ‰uctuations in renal function that may have resulted from de-hydration.
With regards to the relationship between concomitantly used drugs and elevated serum lithium concentration in the present case, the patient was not administered any drugs, that would have aŠected the serum lithium concentration, and therefore, the changes in serum lithium concentration may not have been caused by any concomitantly used drugs.
The Dietary Reference Intake for sodium in Japanese people 4) states that the estimated mean amount required for women, aged 50 69 years, is 1.5 g/d in terms of the sodium chloride equivalent, with the target being less than 7.0 g/d in terms of the sodium chloride equivalent. The amount of sodium ingested in the present case was approximately 1.2 g/d of the total sodium chloride equivalent, which is lower than the estimated mean amount that is required, but her serum sodium concentration did not vary signiˆcantly and remained within the normal range. Lithium ions are freelyˆltered through the glomerulus and reabsorbed in the proximal tubule in the same proportion of sodium and water. There could be some reabsorption of lithium in the loop of Henle on some extreme condition. However, there is almost no reabsorption of lithium in the distal tubule. Lithium clearance and the diŠerence between lithium and sodium clearance are, therefore, indicators of sodium reabsorption in the proximal and distal tubules. 5) Owing to the decrease in the total sodium chloride equivalent amount, her serum lithium concentration rose to as high as 1.17 mEq/L, but was controlled at less than 1.50 mEq/L, which is the concentration at which side eŠects appear. We carefully monitored her total sodium chloride equivalent amount simultaneously with her serum lithium concentration because we had previously experienced a case 6) where the serum lithium concentration changed with changes in the total sodium chloride equivalent amount, and we believe that this result demonstrated our ability to maintain the patient's serum lithium concentration within the safe range. When the sodium chloride content in the diet was gradually restricted from normal amounts and the relationship between urinary sodium excretion and lithium clearance was investigated, the results showed that as the urinary sodium excretion decreases, the lithium clearance also decreases. 7) Similarly, in the present case, decrease in the sodium intake caused an increase in the re-absorption of sodium ions in the renal tubules, with a resulting relative increase in the re-absorption of lithium ions, decrease in lithium clearance, and change in serum lithium concentration.
Thus, the elevated serum lithium concentration in the present case may have been due to an accelerated decrease in lithium clearance due to a reduction in her total sodium chloride equivalent amount, in addition to a decrease in lithium clearance, caused by moderately reduced renal function. Given that lithium ions behave similar to sodium ions and are relatively greatly impacted by sodium ions, 7, 8) managing the amount of sodium ions i.e., sodium chloride in the diet, is important. 9) The Dietary Reference Intakes for Japanese people have been revised, and the target daily intake of sodium chloride for individuals aged18 years was decreased from ＜9 g to ＜8 g for men and from ＜7.5 g to ＜7 g for women. However, the guidelines of a number of countries, including Japan, have moved to seek more stringent sodium restrictions, because a sodium chloride intake of ＜6 g/d is regarded as desirable for preventing or treating hypertension and because the 2013 World Health Organization (WHO) guidelines strongly recommend that adults consume ＜5 g/d of sodium chloride. In this context, it is possible that decreasing the amount of sodium chloride ingested in the diet in patients who are consuming lithium carbonate may lead to unanticipated changes in the serum lithium concentration. Therefore, careful monitoring of the sodium chloride intake simultaneously with more careful monitoring of serum lithium concentration is required.
